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ABSTRACT 
 
This thesis presented about the design and development of integrated chassis of 
three wheel prototype car using aluminium and FRP. To improve the existing chassis 
design of three wheel prototype cars for Shell Eco Marathon competition, analysis of 
the existing chassis must be done. The analysis was carried out by using Finite Element 
Analysis (FEA). The parameters checked in the analysis are the displacement of the 
chassis structure when load applied and the weight of the chassis. Specifications of 
materials selection become a priority in order to construct the new chassis which can 
replace the ordinary design. A survey of the material used for the development of 
chassis design had been done in Kuantan area in order to get the most suitable material 
for the new chassis design. The best design was then identified based on the analysis 
determined from the Finite Element Analysis (FEA) technique. The specifications of the 
best design are the design which is light weight and has a minimum deflection of the 
structure when subjected on the load. The design of the final chassis design will be done 
by using SolidWork software which is suitable for making the 3D model of the car.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
vii 
ABSTRAK 
 
Tesis ini membentangkan tentang rekabentuk dan juga pengubahsaian untuk 
rangka bersepadu kereta roda tiga menggunakan aluminium dan FRP. Untuk 
penambahbaikan bagi rangka sedia ada kereta roda tiga untuk pertandingan Shell Eco 
Marathon, analisis terhadap rangka sedia ada dilakukan. Analisis tersebut di jalankan 
dengan menggunakan perisian Finite Element Analysis (FEA).  Parameter yang di 
periksa dari analisis tersebut adalah seperti perpindahan lentur dari struktur rangka 
kereta apabila beban di kenakan terhadap rangka tersebut dan berat rangka tersebut. 
Spesifikasi pemilihan bahan menjadi keutamaan untuk pembinaan rangka baru yang 
dapat menggantikan rekabentuk asal. Tinjauan terhadap bahan yang ingin digunakan 
untuk pengubahsuaian rangka asal telah di buat di daerah Kuantan bertujuan untuk 
mendapatkan bahan yang paling sesuai untuk pembinaan rangka baru. Rekabentuk 
terbaik kemudian dikenalpasti berdasarkan analisis yang di buat dan ditentukan dari 
teknik Finite Element Analysis (FEA). Spesifikasi desain terbaik adalah desain yang 
ringan dan mempunyai defleksi struktur yang minimal ketika beban dikenakan pada 
struktur rangka tersebut. Rekabentuk rangka baru tersebut akan dilukis menggunakan 
perisian SolidWork di mana perisian ini merupakan perisian yang sesuai untuk melukis 
model kereta dalam tiga dimensi. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 PROJECT BACKGROUND 
 
The Shell Eco-marathon competition is divided into two categories which is 
Urban Concept and Prototype. Urban Concept Car category is referring to the design 
which is meet a series of roadworthiness criteria found in modern passenger cars such as 
having four wheels, a steering wheel, head and tail lights, a brake pedal, doors and else. 
For the Prototype category, the car designed is aimed to be the most aerodynamics and 
fuel-efficient car. The car in this category must have three or four running wheels. The 
winner of the competition is the team that goes the furthest distance using the least 
amount of energy.  
 
In order to build the most energy efficient car, consideration of the types of the 
chassis that wants to design must be made. Basically, the types of chassis design consist 
of backbone, spaceframes, monocoque, ladder frame, and semi backbone. Each of 
chassis designs has their own strengths and weaknesses. Every chassis types are 
considered between weight, component size, complexity, vehicle intent, and ultimate 
cost. Even within a basic design method, strength and stiffness can vary significantly, 
depending on the designing. An ideal chassis is the one that has high stiffness with low 
weight and cost.  
 
The chassis has to contain the various components required for the race car as 
well as being based around a driver’s cockpit. The safety of the chassis is a major aspect 
in the design, and should be considered through all stages. The design also has to meet 
strict requirements and regulations set by Shell Eco Marathon organizers.  
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Many people think that the chassis which built from aluminum is the path to the 
lightest design, but this is not necessarily true.  Aluminum is more flexible than steel. 
 In fact, the ratio of stiffness to weight is almost identical to steel, so an aluminum 
chassis must weigh the same as a steel one to achieve the same stiffness.  Aluminum has 
an advantage only when there are in very thin sheet sections where buckling is possible 
but that are not generally the case with tubing. The uses of aluminum and FRP in 
designing the chassis are helped to reduce overall vehicle weight, thereby reducing fuel 
consumption as well.     
 
1.2 PROBLEM STATEMENT 
 
Based on the previous Shell Eco Marathon competition, most of the design of 
prototype car is not satisfy these criteria: 
 
i. Design the three wheel prototype car which maximum vehicle weight, without 
the driver, is 140 kg, the maximum height must be less than 100 cm; the 
wheelbase must be at least 100 cm, the maximum total vehicle width must not 
exceed 130 cm, the maximum total length must not exceed 350 cm. 
ii. Existing design not enough strong due to heavy load. 
iii. Ordinary design of three wheel prototype car is less fuel-efficient due to the 
weight factor of the vehicle.  
 
1.3 OBJECTIVE OF THE PROJECT 
 
After considerations are made corresponds to the project background and 
problem faced, it is decided that the objectives of the project are as such: 
 
i. Design the new chassis of three wheel prototype car which able to withstand the 
load applied on the chassis structure with minimum bending displacement.  
ii. Build the lightest three wheel prototype car chassis in order to maximizing the 
efficiency of the car that satisfies SHELL ECO MARATHON rules and 
regulations. 
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1.4 PROJECT SCOPES 
 
This project is focusing on design and development of the integrated chassis of a 
three wheel prototype car which able to travel with less amount of energy. This focus 
area is done based on the following aspect: 
 
i. Design a chassis of three wheel prototype car using aluminum and FRP. 
ii. Find the aluminum type which suitable for chassis designing.  
iii. Study on spaceframe chassis characteristic.  
iv. Build vehicles chassis where the primary design consideration is light weight 
and reducing drag. 
 
1.5 PROJECT METHODOLOGY 
 
Methodology is one of the most important things to be considered to ensure that 
the project will run smoothly and achieve the objective. Project methodology will 
describe the flow of the project progress. The project methodology shows us how the 
project started, how data was collected, and how the next steps done. 
Methodology process is related to the flow chart and Gantt chart. In order to 
complete this project, there will come out with several steps which should be followed 
through. The project methodology in the form of a flow chart is graphically shown in 
Figure 1.1. 
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1.6 STRUCTURE OF THESIS 
 
 Chapter 1 introduces the background of the project which is design the new 
chassis of three wheel prototype car for Shell Eco Marathon competition, problems 
which relates to the project, the objectives and the scope of the project. In this chapter 
also briefly describe the types of chassis exist now a days. Chapter 2 presents the detail 
information of chassis type and the comparison between each type. In this chapter, the 
suitable chassis type for the new design is determined from the comparison. The 
characteristics of spaceframe chassis are determined followed by the literature analysis.  
 
Chapter 3 includes the overview of existing chassis which design for previous 
Shell Eco Marathon competition. The analysis of the previous design is conducted in 
this chapter. After get the result from the analysis, the new chassis design is proposed to 
improve the previous design. Parameters such specification and selection of materials 
used is considered for the development of new design. Materials that used for the new 
design are aluminum and fiber reinforces plastic. Lastly, Chapter 3 enclosed with the 
designing process of the new chassis design. 
 
Chapter 4 begins with the analysis of the new design. Results of the analysis are 
tabulated and the comparisons between existing chassis and the new chassis design are 
made followed by the discussion of the new chassis design. Chapter 5 presents the 
conclusion drawn from this project and recommendations for future works proposed.    
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION  
 
 Basically chassis is considered as a framework to support the body, engine and 
other parts which make up the vehicle. Chassis lends the whole vehicle support and 
rigidity. Chassis usually includes a pair of longitudinally extending channels and 
multiple transverse cross members that intersect the channels. The transverse members 
have a reduced cross section in order to allow for a longitudinally extending storage 
space. 
 
The chassis has to contain the various components required for the race car as 
well as being based around a driver’s cockpit. The safety of the chassis is a major aspect 
in the design, and should be considered through all stages. Generally, the basic chassis 
types consist of backbone, ladder, spaceframe and monocoque. Different types of 
chassis design will result the different performance of each chassis.  
 
2.2 TYPES OF CHASSIS 
  
2.2.1 Backbone  
 
A backbone chassis is the simplest structure design. It consists of a sturdy 
tubular backbone that joints the front and rear axle. These chassis is fully enclosed to be 
rigid structure and handle all loads (Keith J. Wakeham, 2009). It should be noted that 
the backbone chassis can be built through many types of construction. The space within 
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the structure is used to place the driveshaft in case of front-engine, rear-wheel drive 
layout.  
 
Further, the drivetrain, engine and suspensions are all connected to each of the 
ends of the chassis. The body is built on the backbone usually made of glass-fibre. 
Almost rear wheel drive and front engine vehicles use backbone chassis. Figure below 
shows the backbone chassis type. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1: Delorean backbone chassis  
 
Source: Keith J. Wakeham, 2009 
 
2.2.2 Ladder 
 
A ladder frame is the simplest and oldest frame used in modern vehicle 
construction. It was originally adapted from “horse and buggy” style carriages as it 
provided sufficient strength for holding the weight of the components (Keith J. 
Wakeham, 2009). Larger beams could be used if there were higher weight capacity 
required. The engine of the vehicle using this ladder frame is placed in the front or 
sometimes in the rear and supported at suspensions points. Their constructions consist 
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of two longitudinal rails interconnected by many lateral/cross braces, typically made 
from round or rectangular tubing or channel.  
 
The longitude members are the main stress member. They deal with the load and 
also the longitudinal forces caused by acceleration and braking. It can use straight or 
curved members. The lateral and cross members provide rigidity to the structure 
because it provides resistance to lateral forces and further increase torsional rigidity. 
Body mounts are usually integral outriggers from the main rails, and suspension points 
can be well or poorly integrated into the basic design. Most SUV’s are still use ladder 
chassis (Automotive Online, 2008). Figure below shows the type of ladder chassis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2: AC Cobra’s chassis  
 
Source: AutoZine Technical School, 1997 
 
2.2.3 Monocoque 
 
A monocoque chassis can be refer to the vehicle where the external body is load 
bearing (Keith J. Wakeham, 2009). Monocoque is a one-piece structure which defines 
the overall shape of the car. While ladder, tubular space frame and backbone chassis 
provides only the stress members and need to build the body around them, monoque 
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chassis is already incorporated with the body in a single piece. It built by welding 
several pieces together. It’s different from the ladder and backbone due to the body 
construction as mentioned before. The floorpan, which is the largest piece, and other 
pieces are press-made by big stamping machines. They are spot welded together by 
robot arms some even use laser welding in a stream production line. The whole process 
just takes minutes. After that, some accessories like doors, bonnet, boot lid, side panels 
and roof are added.  
 
Most commercial vehicles today are of the monocoque variety but they 
generally will differ from the shape implied by road racing vehicle structure. Common 
vehicles such as the Honda Civic and Chev Impala are stamped from steel panels, these 
panels are then assembled and spot resistance welded together to build the car structure 
(Keith J. Wakeham, 2009). Monocoque chassis also benefit crash protection. Because it 
uses a lot of metal, crumple zone can be built into the structure. Although monocoque is 
suitable for mass production by robots, it is nearly impossible for small-scale 
production. The setup cost for the tooling is too expensive such as big stamping 
machines and expensive moldings. Figure below shows the type of monocoque chassis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.3: Volvo V70 Monocoque 
 
Source: AutoZine Technical School, 1997 
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2.2.4 Spaceframe 
 
As ladder chassis is not strong enough, motor racing engineers developed a 3 
dimensional design - Tubular space frame. One of the earliest examples was the post-
war Maserati Tipo 61 "Birdcage" racing car (AutoZine Technical School). Tubular 
space frame chassis employs dozens of circular-section tubes which provides the 
maximum strength and it’s positioned in different directions to provide mechanical 
strength against forces from anywhere. These tubes are welded together and form a very 
complex structure. 
 
A spaceframe chassis uses a series of straight small diameter tubes to achieve 
strength and rigidity with minimal weight. The technique was formalized during the 
Second World War, when they were used for the construction of large frames in combat 
aircraft. This design was first developed by Barnes Wallis who was an English aviation 
engineer (Christoper, 2004). Now days, mostly there are two main types of chassis used 
in race cars which are tubular spaceframes and composite monocoque (Christopher, 
2004). Spaceframes have been used in the construction of racing car chassis, since the 
introduction of car racing in the 1940’s (Christoper, 2004). Spaceframes chassis have 
been used since the start of the motor sport scene. A spaceframe consists of steel or 
aluminum tubular pipes placed in a triangulated format to support the loads from the 
vehicle caused by suspension, engine, driver and aerodynamics (Christopher, 2004).  
 
Although the spaceframe type are look like the traditional style, but they are still 
very popular today in amateur motorsport. Their popularity maintains because of their 
simplicity, the only tools required to construct a spaceframe is a saw, measuring devices 
and welding equipments. The advantage of spaceframe compare to the monocoque type 
is it can easily be repaired and inspected for damage after a collision. Figure 2.3 below 
shows an example of spaceframe chassis. 
 
 
 
 
 
